SUMMARY The onset of essential hypertension early in life is indicated by the high tracking of blood pressure during adolescence; intervention in adults with mild hypertension has been found successful. How, then, can high blood pressure levels in children be modified to prevent early hypertensive cardiovascular disease in adulthood? In an entire biracial town (population 9000) we surveyed 1604 (89%) of all children aged 8-18 years for blood pressure and reexamined those in the upper decile of mean blood pressure (for each race, sex, and height) on three additional occasions. On each examination nine blood pressures were taken by trained observers. All children consistently in the top decile were randomly allocated into either a treatment (n = 50) or comparison (n = 50) group. These two groups and an additional midrange blood pressure comparison group (n = 50) were followed regularly using school facilities including community and school programs. Treatment consisted of 1) dietary guidance; 2) modifications of school lunches and snacks with healthy substitutes; 3) parental involvement; 4) a low dose diuretic and /3-antagonist given by usual standards. All study groups were monitored for blood pressure in a blind manner. In 6 months of observation, blood pressure in the treatment group remained 5 and 3 mm Hg (systolic and diastolic) less than controls (p < 0.001 and p < 0.01). An orchestrated community-wide attack on early-stage hypertension is feasible and seems to offer exciting potential for prevention of early hypertensive disease. (Hypertension 5: 41-53, 1983) KEY WORDS • blood pressure • hypertension in children • intervention • risk factors D URING the past 10 years there have been impressive developments in the understanding of the physiologic and biochemical mechanisms of essential hypertension and in its treatment. Significant progress has been made in the treatment of mild hypertension, in particular, and in the reduction of consequent cardiovascular and cerebrovascular disease. Most of this progress, however, has been obtained on adults at a time when organ damage has already occurred. During the past decade we have begun to investigate the early natural history of essential From the
D
URING the past 10 years there have been impressive developments in the understanding of the physiologic and biochemical mechanisms of essential hypertension and in its treatment. Significant progress has been made in the treatment of mild hypertension, in particular, and in the reduction of consequent cardiovascular and cerebrovascular disease. Most of this progress, however, has been obtained on adults at a time when organ damage has already occurred. During the past decade we have begun to investigate the early natural history of essential
42
HYPERTENSION VOL 5, No 1, JANUARY-FEBRUARY 1983 Other observations indicate a need for early management of patients with hypertension. Young adult patients with essential hypertension respond more readily to medication than older patients in whom the disease process is in a more advanced stage." There is pathologic-anatomic evidence that the wall-to-lumen ratio of small arteries increases at early stages of hypertension 12 as well as clinical evidence that myocardial wall thickness and altered myocardial hemodynamic patterns relate to blood pressure levels. 13 " 15 It is well known that there is an increasing prevalence of hypertension with age in the adult population in the United States. Some 15% to 40% of adults have hypertension, with a much higher prevalence noted for blacks; 16 further, there are geographic and international differences in the prevalence of hypertension. Low incidence occurs in some populations in which sodium chloride intake is low; 17 however, incidence is higher when individuals become acculturated. 18 '" These accumulated observations suggest that essential hypertension is potentially a preventable disease.
Background Bogalusa Heart Study Efforts
For the past 10 years the Bogalusa Heart Study has been describing cardiovascular risk factor variables in a total population of children from a well-defined geographic area. 1 Considerable information has been published on blood pressure levels of infants, children, and young adolescents. Methods for obtaining reproducible levels have been developed. Further, significant biracial differences have been noted, providing important implications for the various mechanisms operative in the complex development of essential hypertension. 20 '
2I
Limitations in Defining Hypertension in Children Unfortunately there is a little clinicopathologic evidence of endpoint disease, morbidity, or mortality related to elevated blood pressure levels in children.
1^15
Blood pressure levels in children have a unimodal distribution, which underlies a limitation in defining abnormality and any criteria currently used to define abnormal blood pressure levels is arbitrary. At present, we cannot define what levels of blood pressure place children at risk for hypertensive disease. 22 " 24 Current studies on intervention or treatment must consider this void in definition. Epidemiologic studies in adults use such indicators as left ventricular hypertrophy, retinal, renal, or cerebrovascular disease that are absent in children. Yet, it is very likely that asymptomatic children tracking within high percentiles are to become adults with hypertension and are likely to progress to irreversible end organ damage. Miall and Lovell 6 and Miall and Chinn 25 have suggested that the level of blood pressure determines the rate of rise in blood pressure, so that hypertension "feeds" on itself. This would account for the increased skewness in blood pressure distribution seen in adults. According to Kannel 26 blood pressure levels as a continuum determines risk of cardiovascular disease; hence, lower blood pressure level over time means less risk.
A Community Model of Intervention on High Blood Pressure in Children
With this background, we felt it important to investigate modes for intervening on children selected from a total population who have consistently high blood pressure levels. The rationale for using blood pressure, rather than other cardiovascular risk factor variables, was that it is relatively easy to measure, years of baseline data have already been collected on a communitydefined pediatric population, and broad experience has been gained from treating adults. To take advantage of this background, an effort was made to develop a model of intervention on a total population of children, attempting to adhere as closely as possible to a clinical trial design.
Population and Methods

Population
The main population of the Bogalusa Heart Study (Bogalusa, Louisiana, population 20000) is the base for our largely descriptive study of cardiovascular risk factors in the context of the early natural history of coronary artery disease and essential hypertension. The community of Franklinton, Louisiana, some 20 miles from Bogalusa, was selected for the research on intervention because its proximity allowed the use of our trained staff. Franklinton is a rural community with a biracial population of approximately 9000, half being black. Agriculture is the primary industry and Franklinton is the center of both a dairy industry and forestry. Franklinton is a relatively poor community, both blacks and whites earning considerably less than the national average. 27 The Washington Parish (County) school system is based in Franklinton and serves a number of very small outlying communities. Approximately 30% to 40% of the white children attend a private school.
General Procedures
Most of the general clinic examination procedures and laboratory analyses used to describe cardiovascular risk factor variables in children have been published in detail. 1 Methods specific for this study design will be discussed.
Model Design of the Franklinton Blood Pressure Intervention Study
The program was designed in three phases, as shown in table 1.
Phase 1: General Survey Phase had as its objective the screening of all children in the community aged 8-18 years, from third grade through high school. The third grade was selected for convenience as children in kindergarten through second grade attended a separate school.
INTERVENING ON EARLY HYPERTENSION/flerenjon et al.
Phase 2: Consistency Assessment Phase consisted of replicate screening of those children at or above the 90th percentile for height-related blood pressure levels and of a group at the 50-60th percentiles. The second phase was designed to identify those children with levels persistently at high and midrange levels, to exclude children with evidence of secondary hypertension, and to obtain some information that might relate to later compliance.
Phase 3: Treatment Phase marked the beginning of treatment, with the objective of determining whether blood pressure levels of those children tracking at high percentiles could be reduced to the midrange level by using practical methods commonly employed by physicians treating adults with mild hypertension. In combination, the three phases allowed selection of the children, as shown in figure 1. Written informed consent was obtained from the parents covering all phases.
General Survey Phase
The first phase of the study was begun during the school semester, September, 1979. Selected anthropometric measurements and replicate blood pressure determinations were made. Each child was randomly assigned through a team of three nurse-observers who measured blood pressures. Each trained observer obtained three blood pressure readings on the right arm, Korotkoff Phases I, IV, V, with the children relaxed and sitting. Two observers used the mercury sphygmomanometer and a third used the Physiometrics automatic recording device (USM-105, Sphygmetrics Inc., Woodland Hills, California). The method of obtaining blood pressure measurements and relating them to body measurements has been described in detail earlier. 28 ' M During a 6-week period, 1604 children (1804 eligible, 89% participation) aged 8-18 years were screened, with approximately 70 children examined each morning. For each race-sex group and for each 5 cm height interval, children were ranked according to their mean arterial pressures (VS systolic + ¥3 diastolic, Korotkoff IV Phase). Mean arterial systolic pressure was preferred over diastolic pressure in this first trial on children because systolic pressure is a better predictor of cardiovascular morbidity and mortality than diastolic pressure, 26 and in children, systolic pressure has somewhat less measurement error than diastolic pressure. 30 All children at or above the 90th percentile (as compared to baseline values determined from Bogalusa data collected from 1973 to 1979 on 6000 children) and all children found to be between the 50th and 60th percentiles were scheduled for examination in the next phase.
Consistency Assessment Phase
Reassessment studies were begun in November, 1979; 443 children ( fig. 1 ) were invited back for reexamination, 255 in the upper decile and 188 with the midrange blood pressure levels. Three series of examinations approximately 3 weeks apart were conducted, with varying procedures given to the children as shown in figure 2 (first, second, and third visits).
31 "
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Phase 2 included selected observations designed to detect secondary hypertension or other medical problems and was completed in February 1980 with 381 children completing all examinations. After four series of observations, those children persisting at or above the 90th percentile and at the midrange level were selected for the intervention phase.
Treatment Phase
Eighty-nine children had blood pressure levels at or above the 90th percentile for each of the four observations. We selected an additional 11 children with blood pressure levels at or above the 90th percentile on two occasions and above the 80th percentile on one additional occasion. These 100 children were divided randomly into a treatment (n = 50) and a high blood pressure comparison group (n = 50). Using stratification for race, sex, and height, we determined that distributions in each group was identical. For each group there were 15 white boys, 8 white girls, 12 black boys, and 15 black girls. Whereas children were selected into the treatment and high comparison groups by the level of their mean blood pressure, seven of 50 children allocated to the treatment group had systolic pressures at or exceeding the 90th percentile, 10 had diastolic pressures exceeding the 90th percentile, and the remaining 33 had both systolic and diastolic pressures in excess of the 90th percentile.
A third group of 50 children, with blood pressure levels below the 80th percentile on all four occasions, were matched for race, sex, and height with the children selected for treatment, to provide a midrange (medium) blood pressure comparison group. Table 2 shows details of examinations and activities during Phase 3 for each of the three groups.
Before beginning the treatment phase, 1 week was allowed for orientation of all parents with a complete explanation of the study design, treatment, and some education on essential hypertension. Blood pressures and family histories were obtained on the parents during these visits. An effort was also made to obtain information concerning the parent's medical supervision. Appropriate referral to private physicians was made for hypertensive parents; observations and treatment were offered to indigent adults without private physicians. Free drug therapy and repeat clinic observations were provided. In addition, parents of the treatment group were encouraged to attend each of the subsequent clinics for examination of their children. Orientation was provided on the management of primary treatment and drug treatment. The actual treatment program of the children began in March, 1980. Treatment Program for the High Blood Pressure Group At the initial visit in Phase 3, we examined 141 of the 150 selected children with a clean-catch urinalysis and blood chemistry and reexamined them for blood pressure levels every month of the study duration. Of the 50 children selected for treatment, 47 were actually placed on treatment. These children were brought back within 1 to 2 weeks for observations by the physicians and then were followed monthly with the other two comparison groups. A public health trained nurse living within the community was employed to help with treatment of the children and to maintain communications with the parents.
All children were examined on each visit by trained nurse-observers who were blinded to those being followed by the physician. A clinic setting, including a mobile research unit placed on the school grounds, was used by a physician and the community nurse to see the children and parents. The clinic visit provided an opportunity for examination of the child, pill counts, and visits with the nutritionist and exercise staff. At each of these visits, graphic charts were kept to note blood pressure, heart rate, and weight. Detailed charts were maintained for all observations on each individual. All children in the treatment group were asked to bring to each clinic examination a timed overnight urine specimen for electrolyte assessment. Treatment consisted of rigidly defined primary and secondary intervention.
Primary Preventive Treatment
A primary intervention consisting of a multifaceted approach for changing lifestyles with dietary and exercise programs was implemented for the treatment group only. A Djetary/Exercise Alteration Program Trial (ADAPT) is described in detail. 33 Briefly, ADAPT* was directed toward nutrition education of both parents and children, promotion of dietary modifications, and expanded community availability of low-sodium foods in grocery stores, restaurants, and school lunches. An exercise component consisted of education and implementation, primarily within the school setting.
This aspect of the study has several strengths that should be mentioned. These include: 1) educational materials: booklet of recipes emphasizing local food usage; sodium counter booklet color-coded as green (low NA + ), yellow, orange, red (high Na + ); school curriculum for children; cooking classes for parents; parents-children teacher's guide; format of a newsletter; brochures; 2) methods for food procurement: school lunches, snack foods, grocery stores, restaurants; 3) individual dietary consultations (clinic): eating behavior was discussed at each clinic visit, child and parent were encouraged to sign circumscript pledges staged for dietary and exercise changes; and 4) incentives: offering low-sodium foods, competitive activities including completion of sodium counter sheets and school lunches, and T-shirts for participation in various activities. These together form part of the program that can be applied to the school setting with selected community support services.
Close relationships between parents, children, and the nutritionists and community nurse, with the aid of teachers and local physicians served to aid compliance. Occasional newsletters with menus, brochures explaining the program, and coupons for unsalted food products were mailed to parents to maintain communication and to reinforce the program. Low-salt bread from a New Orleans bakery and other foods from national resources were made available at clinic visits. 35 
Secondary Preventive Therapy and Drug Management
This treatment consisted of closely supervised drug administration with propranolol and chlorthalidone given simultaneously at very low levels with amounts adjusted for body weight. The dosage for propranolol was 20 mg per day for children weighing under 40 kg, and 40 mg per day for those over 40 kg. Half the dose was given in the morning and half in the evening. Chlorthalidone was given as 6VA mg per day for children under 40 kg and 12!/2 mg per day for those 40 kg and above; the larger dose was divided for twice daily administration. Minimal adjustments of this treatment schedule were made in a few children based on interview and any suspected complications of treatment. After 9 months of treatment, we increased the diuretic dose in nine patients (most with fairly high body weight, x ± SD = 58 ± 16 kg), including two with bronchial asthma who were not given propranolol.
Methods of Evaluation
The chief objective of the treatment phase was to determine whether comprehensive treatment would alter blood pressure levels as judged by blind assessment from recordings by the nursing staff, independent of the physicians. This observation provided an opportunity for comparison of the midrange blood pressure group, the high blood pressure untreated group, and the treated group being randomized through the examination procedures.
At each monthly follow-up clinic, children under therapy were interviewed for side effects, adherence to medication, compliance with the program, and medical problems in general. Replicate blood pressure levels were obtained, heart rate was measured, and a consultation with the nutritionist was held. At the monthly clinic visit, medication adherence was estimated by pill counts. Temporary intermissions or intermittent pill-taking that occurred due to laxity on the part of the child or parents were counted as noncompliance. At each clinic visit the overnight urines were collected to assess electrolytes. The nutrition and exercise components were primarily evaluated by such factors as attendance at classes and by subjective evaluation of the child's personal efforts to change dietary and exercise habits. This evaluation has been described in more detail. 35 
Efforts to Continue the Program
During the summer months the study was conducted in a low-key manner, endeavoring to have the students return once a month for a routine clinic to review their progress. A "Nutrition Day" was held at the school facilities consisting of a 1-hour class, a 1-hour physical activity, and a low-sodium picnic prepared by the nutrition staff.
With the beginning of the fall of 1980 school semester, the program, observations, and communications were intensified. At the initiation of the program the students attended four different schools; 1 year later at the beginning of the fall semester they were distributed in 14 schools (some graduated, some moved out of the community, and some were being bussed to schools in other communities). An effort was made to continue to follow as many of these students as possible.
Laboratory Procedures
Serum and urine electrolytes, sodium, and potassium were analyzed by an IL 343 flame photometer (Instrumentation Laboratory, Inc., Lexington, Massachusetts). The standard deviation and coefficient of variation as measures of laboratory error for serum sodium were 1.1 mEq/liter and 1 % respectively, based on blind duplicate samples. For serum potassium these values were 0.2 mEq/liter and 5%; for 24-hour urine sodium 7-9 mEq/liter and 4% to 5%; and for 24-hour urine potassium 2-10 mEq/liter and 4% to 15%. We analyzed serum creatinine by the Rapid Stat procedure as outlined in the manual (Pierce Chemical Company, Rockford, Illinois), using readings before and after acidification as a correction for spurious color background. Creatinine in the urine was analyzed by a modification of the Folin-Wu method.
3 * The measurement error for serum creatinine was 0.1 mg/dl (14%), and for urine creatinine 7-14 mg/dl (7% to 13%). Serum chemistry was performed by SMA-12 employing commonly used commercial kits.
Results
Participation
Since this is essentially a school-based program, presentation of results are given in time periods concomitant with scheduling of school sessions. At initiation of treatment for the 150 children selected from Phase 2, written, informed consent was obtained from the parents or guardians of 141 children (47 in treatment, 47 in high, and 47 in medium comparison group). Potentially secondary hypertensives were excluded from these groups, one in the treatment and three in the high blood pressure comparison group. Thus, 137 children comprise our study population to be reported. This does not include one child in the treatment group who, after 1 month, withdrew from medication but continued our nutrition program.
The first 6 months of the treatment phase was completed by 133 children. In each of the two high blood pressure groups, 44 of 50 students were in the program after 6 months. In the treatment group, six withdrew and a case of myasthenia gravis was not given any hypertensive treatment. A 14-year-old black boy in the high blood pressure comparison group was placed on treatment after 3 months of further observation, but for the analyses reported here he is included in his group of origin. In the midrange blood pressure comparison group, 45 of 50 students remained in the program after 6 months.
Secondary Hypertension
During the examination of the children, several medical problems requiring further medical attention were encountered. A 13-year-old white girl (127/88 mm Hg) in the high blood pressure comparison group was found to have a coarctation of the aorta. This was surgically corrected. Two girls were found to have asymptomatic urinary tract infections, one in the midrange blood pressure group; both were treated, but one of them, an 11-year-old white girl (117/77 mm Hg), had repeated infections. She was admitted to Charity Hospital in New Orleans during the summer and was diagnosed as having a uretero-pelvic obstruction and hydronephrosis. The obstruction was surgically corrected. Since she was in the high blood pressure treatment group, antihypertensive therapy was continued. A 9-year-old white girl (125/85 mm Hg) in the high blood pressure comparison group was found to have an abdominal bruit consistent with renal artery stenosis and was treated while under investigation. Arteriography later confirmed the lesion and it was corrected. A 10-year-old black girl (104/70 mm Hg) in the high blood pressure comparison group had high blood creatinine levels presumably due to Bright's disease.
General Laboratory Measurements
A summary of the general laboratory measures on the three groups of children are shown in table 3, indicating no major differences in the groups.
Health Status of Family Members
As would be expected, a number of parents of children in the three groups continued under observation and were found to have hypertension. Twelve indigent patients were placed under our medical management to encourage compliance of children to the study. Others were referred for private care or to continue current follow-up by their private physicians. During Phase 2, a 42-year-old father of a high blood pressure control child died of a reported "heart attack." Another father, age 47 years, of a child in the high blood pressure treatment group reportedly had a stroke. These observations are incidental to the research, but are of illustrative importance in the overall picture of treating children in a total population. A noncomplying child in the treatment group became a strict complier with the treatment regimen after an aunt died from a heart attack. All in all, 13 of 47 children in the treatment group had a hypertensive parent, and one had a stepparent under hypertensive treatment.
Blood Pressure Response
Means ( ± 2 SE) of blood pressure levels for the three study groups at both the beginning and over 6 months during Phase 3 are given in decreases (mean ± 2 SE) over the first 6 months of the treatment phase for the three groups differed significantly ( fig. 3) . The treatment group decreased by 8/7 mm Hg (systolic/Phase IV diastolic), the high blood pressure comparison group by 3/4 mm Hg, and the mid-range control group by 0/2 mm Hg. The difference between the first groups for the treatment and the high blood pressure comparison group was statistically significant (p < 0.0001/p < 0.01, systolic/diastolic). The reduction of blood pressure levels in the untreated high blood pressure group is interpreted as regression toward the mean. The slight reduction, 1-2 mm Hg, found in the midrange untreated blood pressure group may be due to the student's adjustment to the clinic situation, e.g., relaxation and becoming accustomed to the measurement.
The drop in blood pressure in the treated children was associated with the initial use of the drug, with the decrease occurring within the first week of therapy. We interpret this decrease as too immediate for any significant effects from dietary management or change in lifestyle, i.e., increased exercise or dietary salt reduction. The blood pressure levels decreased on the average nearly 8 mm Hg from the initial position in the 90th percentile to the levels of the midrange and remained there essentially for the duration of the study, following very closely the child's adherence to the medication regimen. As an example, figure 4 is a graph charting the course of a single child. Approximately 10% of the children of the treatment group with reported compliance showed no blood pressure response during the first 6 months of observations. An overall estimate suggests 75% of the children responded with a decrease of blood pressure approaching the midrange levels.
Adherence to Medication Regimen
Adherence to drug usage was estimated at each clinic visit. Table 5 shows that after 6 months, 32 and 31 Three children in other high comparison and one in the treatment group were found to have secondary hypertension (see text) and were excluded. students of 46 (70% and 67%) complied more than 50% in the use of chlorthalidone and propranolol respectively. The average level of blood pressure response did appear to relate only weakly to the level of adherence when averaged over 6 months (table 6) . However, following an individual child who continued adherence to medication, or started, stopped, and restarted, has been accompanied by the anticipated blood pressure changes, according to impressions of the treating physicians in the study.
Side Effects Due to Medication The incidence of side effects reported by children or parents was very low, and no major complications No. 14 19 12
Mean blood pressure = Vi (systolic + diastolic), for equal weighting of systolic pressure.
One patient with myasthenia gravis was not medicated; one patient underwent surgery for secondary hypertension (uretero-pelvic obstruction) and was not medicated.
have been noted in more than 1 Vi years of observations. General complaints were occasionally weakness and dizziness, but usually could not be associated with medication by a detailed history by a physician. In one instance, complaints about nightmares caused us to stop propranolol for 3 weeks of therapy. In another subject we gave a warning that propranolol did not combine well with excess alcohol. Two subjects who had bronchial asthma were given chlorthalidone only (table 7) . In one instance a student in training for football complained of shortness of breath with short, rapid sprints, and the propranolol was reduced to half dosage. Growth charts of the children over this time (an example is shown in fig. 5 ) did not suggest any alterations attributable to the intervention program.
Observations of heart rate reflected a slight change related to therapy, 6 bpm less after 3 weeks (p < 0.0001) and 2 bpm less after 6 weeks, not significantly different from the pretreatment value of 80 bpm. As has been observed in a previous special study of determinants of blood pressure levels, 37 heart rates of white children were faster than those of blacks.
Obesity-Related Hypertension
As judged from median weight levels for the population, approximately 24% of the children in both high blood pressure groups were considered to be 10% or more overweight. It was apparent that high blood pressure levels occurred in both obese and thin children.
Urine Electrolytes
Before treatment, 24-hour urine Na + /K + ratios did not differ among the three groups, although a racial difference in the high blood pressure groups was apparent, as shown in figure 6 . Completeness of pretreatment 24-hour urine collection was assessed by creatinine. Urine Na + /K + ratios observed throughout the figure  7 showing the race effect noted earlier. It is noted that the Na + /K + ratio increased after the start of medication. This effect has been described for chlorthalidone, 38 and is possibly due to relatively decreased renal K + excretion. Theoretically, 39 a very low Na + intake could further increase the urine Na + /K + ratio, but it is unlikely that children in the present study were ingesting less than 2000 mg Na + daily. The urine studies indicate that the blood pressure decreases are primarily drug-related and likely not related to significant sodium reduction in the diets of the children. our results indicate that the observed early blood pressure decreases are unlikely to be due entirely to a reduction in dietary sodium and energy intake.
Discussion
This is an exploratory research study designed to test feasibility of intervening on cardiovascular risk in children within a total community. The difficult logistics and complexities of treating a total free-living population are obvious, especially when attempting to change life styles as suggested in the accompanying material. 35 In this study practical methods commonly used by physicians in an office practice were applied to see if blood pressure levels could be lowered to normal ranges, e.g., 50th to 70th percentile. This represented only about an 8 mm Hg difference from the upper decile. Since the children were not blinded to the combined treatment, the action of a placebo effect due to the attention paid to them by the nutritionists and physicians cannot be excluded.
We chose this general approach combining dietary management and low levels of drug therapy as a first attempt to study alteration of the blood pressure response. Heretofore, attempts at dietary recommendations alone have not successfully controlled hypertension. 40 Further, a complete factorial clinical trial design would have to include various treatment modes: primary prevention and then drugs, or use of diuretic then /3-antagonists, or the use of diuretics in blacks and propranolol (or more newly released drugs) in whites, with the use of a placebo. However, to execute such an approach properly, each trial will require an entire community, a team of investigators, and 2 years to complete. The present study is merely a first attempt, which now can be modified and refined. As observed, the comprehensive approach with low dose therapy was feasible and appeared effective over 1 Vi years in a randomized single-blinded controlled study.
Whether continued reduction of blood pressure level would occur with changes of diet and lifestyle while off medication cannot be stated from this study.
Rationale for Developing a Model of Intervention in a Total Population
Observations of tracking, as illustrated by our data coupled with studies of the naval cohort* and from Evans County, 8 are convincing evidence that children persisting at the high percentiles are likely to become hypertensive adults. Considering the high level of tracking and documented predictive evidence from adolescence to adulthood, we believe the identified group already has hypertension. Although anatomic correlates to establish evidence of hypertensive end organ disease are not yet available, limb plethysmographic 13 and echocardiographic data 14 ' 15 are indicating that arterial and myocardial changes have already occurred in children with high blood pressure levels, levels not heretofore accepted as hypertension.
We are attempting to conduct anatomic studies of renal and other small artery changes from necropsy VOL 5, No 1, JANUARY-FEBRUARY 1983 studies of children dying within our total population program, but such observations are not yet available in detail. At the level of blood pressure shown, some would question the need for treating children at this time. However, an alternate question is: should we allow these children to develop sustained hypertension and the ultimate complications from renal and hypertensive heart disease, cardiomegaly, myocardial infarction, congestive heart failure, and cerebrovascular accidents that are commonly seen before the age of 45 years, especially in our black population?
Use of Drugs to Control High Blood Pressure Levels in Children
Since there is grave concern regarding use of drugs at an early age for control of hypertension, two major issues have to be considered. First, can primary-preventive therapy be used to control hypertension at a young age? A number of other studies are being conducted around the country, which are general health programs focusing on diet and/or exercise to reduce blood pressure or prevent hypertension. As yet none has documented sustained success either in blood pressure reduction or in continued participation. It is our impression that, in today's society and in our Western cultural environment of the 1980s, these modes are not sufficient to control the high incidence of hypertension especially since the degree of dietary sodium restriction as well as the amount and regularity of exercise needed to reduce blood pressure levels are still being debated. Except in highly motivated individuals, it seems that adjunct drug therapy will be required to achieve prevention of hypertension. Individuals with a strong familial tendency and prone to hypertension may still require secondary preventive treatment.
A second issue concerns the matter in which drugs are given. It was felt that low doses of these drugs might be effective at an early age. Evidence suggests treatment in the early phase of hypertension and in adolescents or young adults may be more effective than in the later stages." Further, use of the two drugs in low dosage directed at different mechanisms might complement each other. 39 Since phasing of drug therapy is commonly used in hypertension control, we selected drugs that have both been recommended as first-step therapy for adults. We chose chlorthalidone among the thiazide diuretics for its longer lasting duration of action. For other theoretical reasons, propranolol has been suggested for treating white individuals and diuretic therapy for blacks. 41^3 The effectiveness of each one of the these methods could not be tested in our community; however, in the treatment of single individuals with close management and repeated observations many different approaches might be attempted. Initially, this study design approached a clinical trial with a uniform drug regimen. The need to deviate from the protocol occurred in only a few cases. Only after 9 months of treatment, were changes considered on an individual basis, except for the complications mentioned above and noted early in the study. Nine children reporting compliance with the drug therapy but experiencing no reduction in blood pressure were given increased dosage of the diuretic. It is anticipated that a small number may not respond even to the drugs selected.
Supporting Prevention Through Changes of Lifestyles
It is our overall impression that successful lifestyle changes, that is, learning dietary modification and developing regular exercise habits, takes time to achieve and occurs only in motivated individuals. Motivation, role modeling, and peer and parental influences are needed to maintain changes in lifestyles. Persistence of these new habits are required before effective longterm impact on blood pressure levels occurs. Whether long-term lifestyle changes will be adequate to prevent or moderate sustained hypertension is not clear at present, and such changes may involve major economical forces. Consequently, we feel that at present it is very difficult for the practicing physician to achieve sufficient blood pressure control by changes only in lifestyle, in the treatment of children tracking at high blood pressure levels. Yet, at the present time a major impact on the high incidence of hypertension in our general population is needed.
Conclusions
An attempt to develop a model of comprehensive intervention for the early onset of hypertension in a total population of children was described. Further research is warranted to develop other models that can be applied to the general population or to a single individual prone to develop hypertension.
Since it is easily possible to follow blood pressures during routine physical examinations and relate levels to population grids (as currently used for growth by observations of height and weight), pediatricians have an opportunity to try prevention of early hypertension using a therapeutic program as outlined, or some modification of the program, especially in children with a strong familial history of hypertension.
The important observation from this study seems to be that the majority of children responded with a drop in blood pressure to the midrange control level without complications, and this was achieved with low levels of medication with supporting dietary and lifestyle management. 35 It is also interesting that blood pressure levels decreased, even in those children not complying to the full amount of drug use. It is likely that the apparent long-term (2-year observations, Berenson GS et al., unpublished data) effectiveness of low-dose medication with only partial compliance and with virtual absence of side effects is partly achieved by the complementary ADAPT treatment. A critical aspect obviously is being able to continue long-term management, monitor blood pressure levels and attempt to prevent elevations throughout life.
After l!/2 year follow-up, a majority of the students (27 white boys, 17 white girls, 24 black boys, and 34 black girls) is still being followed, which indicates good cooperation and community support. However, such a study does not provide a picture of the life-long effects. Dangers and the effectiveness of long-term use of drugs to control hypertensive levels in children need to be defined. The Franklinton Blood Pressure Intervention Study is a feasible model for intervention at a community level. More definitive clinical trials along these lines are obviously needed. The inordinate prevalence of hypertension in our adult society warrants treatment explorations in children to attack the earliest onset of hypertensive disease that is presumably susceptible to preventive measures. Otherwise, we will continue to treat only overt and subclinical complications of the disease without achieving maximum effectiveness in controlling hypertension.
